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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



(57) [Claim(s)] 

[Claim 1] A fullerene thin film and the insulating layer prepared in contact with this fullerene thin 
film, It comes to have the 1 st electrode prepared in contact with this insulating layer, and the 
2nd electrode prepared in contact with the above-mentioned fullerene thin film. Said 1 st 
electrode A lithium, sodium, magnesium, aluminum, A potassium, an indium, calcium, zinc, a 
scandium, titanium, It consists of manganese, a zirconium, a gallium, niobium, antimony, and one 
or more sorts of ingredients chosen from the group which consists of samarium. Said 2nd 
electrode Palladium, a tellurium, a rhenium, iridium, copper, Silver, gold, platinum, a ruthenium, 
germanium, the tin oxide, indium oxide, Tunnel diode characterized by consisting of one or more 
sorts of ingredients chosen from the group which consists of the tin oxide which carried out the 
heavy dope by indium oxide, a zinc oxide, graphite, glassy carbon, a silver paste, and carbon 
paste. 

[Claim 2] Tunnel diode according to claim 1 characterized by a fullerene thin film being a thin film 
which consists of carbon clusters. 

[Claim 3] Tunnel diode according to claim 2 characterized by a fullerene thin film being a thin film 
which consists of a carbon cluster C60 and/or a carbon cluster C70. 

[Claim 4] Tunnel diode according to claim 1 to 3 with which a fullerene thin film is characterized 
by being the vacuum deposition film, the cast film, or the polymer distribution film. 
[Claim 5] Tunnel diode according to claim 1 to 4 characterized by for the 1st electrode being 
aluminum and being the electrode which consists of one or more sorts of ingredients chosen 
from the group which the 2nd electrode becomes from platinum, gold, silver, copper, the tin 
oxide, and indium oxide. 

[Claim 6] Tunnel diode according to claim 5 with which an insulating layer is characterized by 
being an aluminum oxide layer and/or a silicon oxide layer. 

[Claim 7] Tunnel diode according to claim 5 characterized by an insulating layer being a layer 
which heat-treated the aluminum layer and was generated. 

[Claim 8] Tunnel diode according to claim 1 to 7 with which an insulating layer is characterized 
by being a layer with a thickness of 30-1 50A. 

[Claim 9] Tunnel diode according to claim 1 to 8 with which a fullerene thin film is characterized 
by being sandwiched with the 1st electrode and 2nd electrode. 

[Claim 10] Tunnel diode according to claim 1 to 9 with which tunnel diode is characterized by 
being a rectifying device. 

[Claim 11] Tunnel diode according to claim 1 to 9 with which tunnel diode is characterized by 
being a photosensor. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] Especially this invention relates to the tunnel diode which has the 
outstanding rectifying action and the outstanding photoconductivity with respect to an organic- 
semiconductor component. 
[0002] 

[Description of the Prior Art] In the field of a semiconductor device, inorganic substances, such 
as sulfuration cadmium NIUMU, a zinc oxide, crystal silicon, an amorphous silicon, and gallium 
arsenide, have been used conventionally. These are used for a transistor, a rectifying device, IC 
and LSI, the photosensor, the solar battery, etc. Generally the tunnel diode which does the 
tunnel effect so in these semiconductor devices consists of a PN junction or (Metal M)- 
(insulatingHayer I)-semi-conductor (S) junction (MIS junction), in the case of a PN junction, P 
and N are doped to high concentration, and in MIS junction, the thickness of an insulating layer 
(I) is regulated in the specific range, and it is constituted. And in the case where ** insulating 
layer is comparatively thick, it sets to the current-voltage characteristic. A configuration shows 
the current maximum at the time of the forward direction or reverse voltage impression, and the 
description which a current value decreases by negative resistance, and begins to increase is 
acquired after that. In the case where ** insulating layer is comparatively thin in the current- 
voltage characteristic, the description from which a current value becomes fixed in the fixed 
electrical-potential-difference range is acquired ("Physics of Semiconductor Devices" — ) 2nd 
(s) Edition, S.M.Sze, John Wiley & Sons, NY, 513 pages (1981). Such tunnel diode is used for a 
high-speed switching element, a multivibrator, a high-speed logical circuit, or a low noise 
microwave amplifier with the property. However, in order to produce these semiconductor 
devices using the above inorganic substances, advanced vacuum devices, an advanced film 
production technique, advanced purity regulation, etc. were required, and the production was 
what cannot be released easily. 

[0003] On the other hand, the versatility of the organic substance, semi-conductor nature, etc. 
began to attract attention, and great research has been made about the semi-conductor nature 
of organic compounds, such as polyacethylene, polypyrrole, and a phthalocyanine, and 
conductivity ("new and a conductive polymer", **** Hiroyuki editorial supervision, CMC, (1987)). 
and as a semiconductor device which comes to pinch a conductive polymer or a semi-conductor 
nature organic compound with a metal Polyacethylene, the poly diacetylene, polypyrrole, alpha- 
sesquithienyl, MS component which comes to pinch semi-conductor thin films (S), such as a 
phthalocyanine, with a metal electrode (M), Or the MIS component which comes to pinch the thin 
film (I) of an insulator among them, many components are proposed ("Physics of Semiconductor 
Devices" — ) 2nd(s) Edition, S.M.Sze, John Wiley & Sons, NY (1981). D.Fichou, F.Garnieret al., 
CHEMTRONICS, 1988, 176 pages. 

[0004] These organic compounds show the semi-conductor nature of P type or N type, and 
when this is pinched with the small electrode of a work function, and the large electrode of a 
work function as compared with the Fermi level of the organic compound, they show a rectifying 
action. For example, when this is pinched with an aluminum electrode and an indium tin oxide (or 
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gold) electrode in the case of alpha-sesquithienyl (D. Fichou, F.Garnier et al. ( CHEMTRONICS, 
1988, 176 pages), **1V show the rectifying action of 100 times or more. Furthermore, the 
example (Pt| polypyrrole | poly thiophene |ln, M.Aizawa, H.Shirakawa, Synth.Met., No. 18, and 711 
pages (1987)) which built the rectifying device by junction of a different-species conductive 
polymer and FET The built example (H. Koezuka, etal., Synth.Met, No. 18, and 699 pages (1987)) 
is also known. Moreover, since a phthalocyanine etc. shows a photoconductivity, the application 
to a solar battery etc. is considered and the solar battery which comes to pinch this with 
aluminum and ITO glass (electrically conductive glass by the tin-oxide thin film which carried out 
the heavy dope by indium oxide) is examined. However, the present condition is that a report of 
the tunnel diode using an organic compound is not found. 
[0005] 

[Problem(s) to be Solved by the Invention] the above-mentioned organic compound — general - 
- the instability (for example, the instability over air, humidity, etc. of polyacethylene — ) of **S 
layer, i.e., a conductive polymer layer, or an organic-semiconductor layer the fall (for example, 
alpha-sesquithienyl — ) of repeatability by mixing of ** impurity, such as instability after doping 
A phthalocyanine etc. does not have the solvent which dissolves only concentrated-sulfuric-acid 
extent, and improvement in purity is very difficult for it. ** Indeterminacy at the time of 
component formation (mixing of the catalyst by the vapor phase polymerization, electrolytic 
polymerization, etc., an electrolyte, etc.) Mixing of the impurity by the pyrolysis at the time of 
vacuum deposition, such as alpha-sesquithienyl and a phthalocyanine, etc., ** The corrosion of 
the electrode after component formation (corrosion of the electrode by the dopant, promotion of 
oxidation of an aluminum electrode which is looked at by the phthalocyanine, etc.), ** It does not 
have problems, such as mechanical brittleness (if vacuum deposition film, such as alpha- 
sesquithienyl and a phthalocyanine, is rubbed, it will separate) of a thin film, and neither has 
resulted in utilization. Furthermore in a solar battery, it has not resulted [ from the lowness of 
conversion efficiency ] in the degradation with the passage of time and utilization. It is 
electrophotography photo conductor extent using the polymer battery which used the poly 
aniline, the capacitor using TCNQ, a phthalocyanine, etc. which was slightly put in practical use 
with the organic substance, and the present condition is that an outstanding result cannot be 
found. 
[0006] 

[Means for Solving the Problem] By preparing two or more electrodes using a fullerene thin film 
so that this may be touched as a result of inquiring wholeheartedly that this invention persons 
should improve these in view of the various faults like the above of organic semiconductors 
including the conventional conductive polymer It finds out that a tunnel diode property is 
acquired by preparing an insulating layer between an electrode and a fullerene layer using that a 
semiconductor device is easily obtained with sufficient repeatability, and a specific electrode, 
and came to complete this invention. 

[0007] In order to solve said technical problem, namely, the tunnel diode of this invention A 
fullerene thin film and the insulating layer prepared in contact with this fullerene thin film, It 
comes to have the 1st electrode prepared in contact with this insulating layer, and the 2nd 
electrode prepared in contact with the above-mentioned fullerene thin film. Said 1st electrode A 
lithium, sodium, magnesium, aluminum, A potassium, an indium, calcium, zinc, a scandium, 
titanium, It consists of manganese, a zirconium, a gallium, niobium, antimony, and one or more 
sorts of ingredients chosen from the group which consists of samarium. Said 2nd electrode 
Palladium, a tellurium, a rhenium, iridium, copper, Silver, gold, platinum, a ruthenium, germanium, 
the tin oxide, indium oxide, It is characterized by consisting of one or more sorts of ingredients 
chosen from the group which consists of the tin oxide which carried out the heavy dope by 
indium oxide, a zinc oxide, graphite, glassy carbon, a silver paste, and carbon paste. 
[0008] Hereafter, this invention is explained in detail. This invention offers the MIS tunnel diode 
which has a fullerene thin film (S), the insulating layer (I) which touches this, and the 1st 
electrode (M) which touches an insulating layer and the 2nd electrode which touches a fullerene 
thin film. Drawing 1 is what showed one example of the tunnel diode of this invention, and it is 
the sectional view where (a) meets a top view and (b) meets the A-A line in (a). The 1st three 
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electrode 2a, 2a, and 2a with which the tunnel diode shown in drawing 1 was formed in the shape 
of a strip of paper on the insulating substrate 1 is formed in parallel. An insulating layer 3 is 
formed in the top face of these 1st electrodes 2a, 2a, and 2a, and the fullerene thin film 4 is 
formed in the top face of an insulating layer 3 and an insulating substrate 1. It is prepared so 
that the 1st electrode 2a, 2a, and 2a of the above, and 2nd three electrode 2b, 2b and 2b which 
were furthermore formed in the shape of a strip of paper on this fullerene thin film 4 may cross 
at right angles in parallel An insulating layer 3 may be formed here the whole surface not only a 
1 st electrode 2a top but on the 1 st electrode 2a and a substrate 1 . Furthermore, protective 
coats, such as insulating polymer film or an insulating metallic oxide, can also be formed if 
needed on 2nd electrode 2b, 2b, 2b, and the fullerene thin film 4. Moreover, the number of the 
1 st electrode and the 2nd electrodes can be set or more to one at arbitration, respectively. 
[0009] The fullerene thin film 4 used by this invention is a thin film formed using fullerene. here, 
it becomes fullerene from sp2 carbon — it is the generic name of the carbon cluster of the 
shape of spherical or a Rugby ball, and, generally C60, C70, C76, C78, C82, C84, C90, and C96 
grade are known. These contain carbon in arc discharge or the middle class of soot which carry 
out resistance heating, and it was made to evaporate, it quenched with inert gas, such as helium, 
and was generated, and C60 (for example, Nature(s), such as Kraetschmer, No. 347, 354 etc. 
pages (1990), etc.) contains them. [ most ] And the mixture of the above-mentioned carbon 
cluster is obtained from this soot by extracting, for example with solvents, such as a hexane, 
benzene, toluene, a mesitylene, and a carbon disulfide, for refining this mixture furthermore and 
isolating respectively — usually — purification of an organic compound — business — **** — a 
chromatography — technique (for example, Nature(s), such as Kraetschmer, No. 347, 354 etc. 
pages (1990), etc.) can be used. In this invention, the mixed fullerene by which composition and 
isolation perform extract and insoluble impurity removal, and are acquired from the soot 
containing C60 or C70, or these is used preferably. [ easy ] 

[0010] The fullerene thin film 4 can be formed by various kinds of film production approaches, 
and can be used, for example, the vacuum deposition film, the cast film, the polymer distribution 
film, etc. can be used. According to the technique of general vacuum deposition, fullerene is 
heated under the vacuum of 5x10 to 5 or less torrs using a metallicity boat or an alumina nature 
boat (the volume thin film handbooks and for 131st committee of the Japan Society for the 
Promotion of Science thin film, Ohm-Sha (1984), etc.), and the vacuum deposition film can form 
a thin film by putting a substrate on the upper part or lower part. Under the present 
circumstances, the need may be accepted, and a substrate may be heated or cooled. When a 
thin film is amorphous when a substrate is cooled, and it heats more than a room temperature or 
it, it is obtained as a crystallized state. The vacuum deposition film of these fullerene is very 
firmly [ stably ] firm in air. For example, the conventional phthalocyanine, alpha-sesquithienyl, 
etc. will separate, if it rubs, and to being inferior to a mechanical strength so that it can exfoliate 
easily with a Scotch tape (trademark) etc., even if it rubs the vacuum evaporationo film of 
fullerene, it does not separate easily, but it is firm film which cannot exfoliate and is excellent in 
a Scotch tape (trademark) at a mechanical strength. 

[001 1] The cast film is the means which uses the property which for example, fullerene dissolves 
in aromatic hydrocarbon, such as benzene, toluene, and a mesitylene, a carbon disulfide, n- 
hexane, etc., and can create a thin film simple. Namely, make it dissolve in the above-mentioned 
solvent etc., and it is dropped on a substrate, or a substrate is fixed on a spinner. After the 
above-mentioned solution is dropped, make it rotate at a suitable rotational frequency, and thin- 
film-ize a spinner. Or with the means of thin-film-izing the solution dropped on the substrate 
using a bar coating machine or a doctor blade, it can thin-film-ize and, subsequently a film can 
be produced air drying, heat, or by drying with means, such as carrying out a vacuum drying. 
[0012] The polymer distribution film can be produced with the same means as the above- 
mentioned cast film, after adding fullerene in the solution of a polymer and making it dissolve or 
distribute. As the distributed approach, the pigment-content powder technique, such as a paint 
shaker, a spec. SUMIKI sir mill, a sand mill, a ball mill, ATORATA, and a kneader, can be used. As 
a polymer which can be used here, although there is especially no limit, when an example is 
given, there are copolymers, such as fluorination polymers, such as vinyl system polymers, such 
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as saturated polyester, unsaturated polyester, a polycarbonate, a polyvinyl chloride, Pori acetic- 
acid vinyl, a poly vinyl carbazole, and styrene, fluoride poly vinylidene, and fluoride polyvinyl, and 
a styrene-maleic acid, etc. Moreover, for example, liquid crystal macromolecules, such as a 
polyacrylate system liquid crystal macromolecule and a polysiloxane system liquid crystal 
macromolecule, can also be used. 

[0013] About the thickness of the fullerene thin film 4 which constitutes tunnel diode, since it 
will be easy to short-circuit each other electrode if too thin, a thing with a certain amount of 
thickness is desirable. Therefore, the range of 100A - 100 micrometers is suitable for the 
thickness of the fullerene thin film 4, and the range of it is 200A - 10 micrometers especially 
preferably. 

[0014] In order to pull out the semi-conductor nature which was excellent in fullerene, it is 
required to prepare 1 st electrode 2a which touches the fullerene thin film 4 through an insulating 
layer 3 at least, and 2nd electrode 2b which touches the fullerene thin film 4. As these 
electrodes, a metal electrode, a metallic-oxide electrode, a carbon electrode, etc. can be used, 
for example. As the 1 st electrode 2a, if it illustrates, metals, such as a lithium, sodium, 
magnesium, aluminum, a potassium, an indium, calcium, zinc, a scandium, titanium, manganese, a 
zirconium, a gallium, niobium, antimony, and samarium, can be used, and especially aluminum is 
used preferably. 

[0015] As 2nd electrode 2b, for example Moreover, palladium, a tellurium, a rhenium, Iridium, 
copper, silver, gold, platinum, a ruthenium, germanium, the tin oxide (for example, NESA glass), 
Although a metal or metallic oxides, such as the tin oxide (for example, ITO glass) which carried 
out the heavy dope by indium oxide and indium oxide, a zinc oxide, graphite, glassy carbon, a 
silver paste, and carbon paste, etc. are used Especially, platinum, gold, silver, copper, the tin 
oxide (for example, NESA glass, NESA coat polymer film), and indium oxide (for example, ITO 
glass, ITO coat polymer film) are desirable. 

[0016] A metal plate, a carbon plate, a thin film, the conductive paint film, etc. can be used for 
these electrodes with any gestalt. When using it with the gestalt of a thin film, it can be used 
with the means of a metallic foil, the vacuum evaporationo film, the sputtering film, an 
electrodeposited film, the spray pyrolysis film, etc., thin-film-izing. Moreover, a conductive paint 
(for example, silver, a carbon content coating) can be applied, and an electrode can also be 
formed. Here, when preparing an electrode by film production or spreading, it is desirable to use 
a substrate 1. As this substrate 1, there is especially no limit and its insulating thing is desirable. 
As the example, a glass plate, a quartz plate, an insulating polymer plate, etc. are mentioned. 
Moreover, especially when using tabular electrodes, such as a metal plate and a carbon plate, as 
an electrode, it is not necessary to use a substrate 1. 

[0017] In the tunnel diode of this invention, in order to acquire the tunnel effect, it is an 
indispensable condition to have the thin insulating layer 3 between 1st electrode 2a with a small 
work function and the fullerene thin film 4. As this insulating layer 3, a metallic oxide, an organic 
compound, a polymer insulating layer, etc. can be used. As a metal oxide layer, aluminum oxide, 
oxidization silicon, indium oxide, the tin oxide, titanium oxide, etc. are mentioned. As an organic 
compound or a polymer insulating layer, that what is necessary is just a usual insulating organic 
compound or a usual polymer, if it illustrates, a fatty acid, long-chain alcohol, polyethylene, a 
polyvinyl chloride, a polyacrylonitrile, an epoxy resin, a polyamide, etc. will be mentioned. In 
addition, this invention is not limited to the compound of instantiation here. 
[0018] These insulating layers 3 can be easily formed by technique, such as vacuum 
evaporationo, sputtering, casting, and LB film. Moreover, the formation of an aluminum oxide and 
oxidation silicon is desirable especially from an easy thing as an insulating layer 3. In the case of 
an aluminum oxide insulating layer, this can be easily formed by heat-treating the aluminum layer 
obtained by vacuum evaporationo in oxygen content gases, such as air. An oxidation silicon 
insulating layer can form this easily by carrying out sputtering of the silicon under an oxygen 
ambient atmosphere, or heat-treating the vacuum evaporationo film of silicon in oxygen content 
gases, such as air. In these insulation layer forming processes, although especially heat 
treatment temperature is not restricted, the temperature of 50-1000 degrees C is desirable also 
from the point of workability. Especially when oxidizing an aluminum layer, the temperature of 
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50-200 degrees C is suitable, and when oxidizing a silicon layer, the temperature of 200-800 
degrees C is suitable. Moreover, in the configuration of tunnel diode, especially the thickness of 
an insulating layer 3 is especially important, and its thickness of 30-1 50A is desirable 10-200A. 
[0019] The tunnel diode of this invention is the following, and can be made and produced. A 
substrate 1 is prepared first Next, 1st electrode 2a is formed with means, such as vacuum 
evaporationo or sputtering, on the substrate 1. And in being the metal electrode with which this 
1st electrode 2a tends to oxidize, it heat-treats in oxygen content gases, such as air, and forms 
the oxide insulating layer 3. Furthermore, the fullerene thin film 4 is formed with the means of 
vacuum evaporationo, casting, or the polymer distribution film on the insulating layer 3. 
Subsequently, tunnel diode is producible by forming 2nd electrode 2b with means, such as 
vacuum evaporationo and sputtering, on the fullerene thin film 4. Or after forming the 2nd metal 
electrode first on the insulating substrate 1, sequential film production of the fullerene thin film 
4, an insulating layer 3, and the 1 st electrode 2a can be carried out, and tunnel diode can also be 
produced. 

[0020] After the maximal value of a current is shown in current-voltage characteristic 
measurement in the dark when the sweep of the electrical potential difference is carried out to 
hard flow from 0V if it is in the tunnel diode of this invention, in order to show negative 
resistance subsequently, the current value decreases, the increment in a current value is 
accepted after that, and the characteristic property as tunnel diode is acquired. 
[0021] Moreover, the tunnel diode of this invention can show the outstanding rectifying action 
and a photoconduction property, and does not become unable to accept [ but ] the application 
as tunnel diode, i.e., a high-speed switching element, a multivibrator, a high-speed logical circuit, 
a low noise microwave amplifier, etc., but can be used also for a rectifying device, an optical 
switch, and a photosensor while it shows the outstanding tunnel diode property. 
[0022] In addition, the tunnel diode of this invention is not limited to the configuration of the 
above-mentioned example, and various gestalten are possible for it and it may consist of a 
crystal, powder, etc. Moreover, various gestalten can be taken by the purpose of using tunnel 
diode, and based on these purposes, the configuration of an electrode and a component is 
changed suitably and it deals in it. 

[0023] Here, thickness of an electrode can be made arbitrary when using it as tunnel diode and a 
rectifying device. On the other hand, when using it as a photosensor, the electrode of the side 
which carries out incidence of the light needs to be translucent. Although the range whose 
permeability of light is 98% - 0.1% is used when using an oxide electrode, the responsibility over 
light has the high one where the permeability of light is larger. In the case of a metal electrode, 
the responsibility over light has the high one where the permeability of light is larger, but if 
permeability is too large, an electrode will not conduct a current. Therefore, as for the 
permeability of light, 50% - 0.1% of range is used suitably. 

[0024] What used the configuration of an electrode as the sandwiches electrode as shown in 
drawing 1 can be used suitable for the integrated rectifying devices (for example, switching 
element etc.), for example, can drive liquid crystal, ECD, etc. Or it can use suitably also as 
photosensors (for example, image sensors etc.). Electric field can be impressed to the 1 st 
electrode 2a and 2nd electrode 2b which go direct mutually from an outdrive unit (not shown) in 
these cases, and it can use as a rectifying device or a photosensor. 

[0025] Drawin g 2 is what showed other examples of the tunnel diode of this invention which used 
the sandwiches electrode, and it is the sectional view where (a) meets a top view and (b) meets 
the A-A line in (a). 1st electrode 2a is prepared on an insulating substrate 1, an insulating layer 3 
is formed on this 1st electrode 2a (or the 1st electrode 2a and the whole insulating-substrate 1 
top surface), all over that upper part, the fullerene thin film 4 is formed and, as for this thing, 2nd 
electrode 2b formed in the shape of a strip of paper on the fullerene thin film 4 is prepared 
further. The number of these 2nd electrode 2bs is set as the number of one or more arbitration, 
and can carry out things. In addition, what kind of configurations, such as not only the shape of a 
strip of paper but a circle, an ellipse, etc., are sufficient as 2nd electrode 2b. 1st electrode 2a 
leaves one edge section 1a of substrate 1 top face, and is formed in band-like [ thick ]. 
Moreover, 2nd electrode 2b It intersects perpendicularly with the longitudinal direction of 1st 
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electrode 2a formed previously, it is prepared so that it may be crossed and located on edge 
section 1a of the above-mentioned insulating substrate 1 from on 1st [ of a parenthesis ] 
electrode 2a, and it can prevent un-arranging [ which wiring from the 1st electrode and 2nd 
electrode short-circuits by this ]. Moreover, protective coats, such as insulating polymer film or 
an insulating metallic oxide, can also be formed on 2nd electrode 2b and the fullerene thin film 4 
if needed. Thus, the constituted tunnel diode can be used effective in an independent rectifying 
device, a transistor, a photosensor, etc. 
[0026] 

[Example] (Example 1) The tunnel diode which has the configuration shown in drawing 1 was 
produced. On slide glass 1 , 1 st electrode 2a of width of face of 3mm and a die-length 20mm 
configuration was formed with three pieces and vacuum deposition at intervals of 3mm. 
Aluminum was used for this electrode 2a, and it formed in the thickness of 200A under the 
vacuum of 5x10-5torr. Put this electrode 2a and the slide glass 1 in which three pieces were 
formed on 20cm on the alumina crucible of a vacuum deposition machine, and put the carbon 
cluster C60 into the crucible made from an alumina, and it was made to vapor-deposit, heating at 
520-550 degrees C under the vacuum of 5x10-6torr (5A/(second)), and the vacuum deposition 
film 4 of C60 was formed in the thickness of 1000A. Subsequently, golden electrode 2b and three 
pieces were formed in the thickness of 200A, and the component was produced. It put in into the 
oven which heated this component at 100 degrees C, and heat-treated under the air ambient 
atmosphere for 20 minutes. According to measurement by the ellipsomter, at this time, the 
aluminum oxide layer 3 was formed between aluminum electrode 2a and C60 thin film 4 at the 
thickness of 60 A. 

[0027] Thus, the obtained component was held to in the dark, the function generator was used 
for 1st electrode (aluminum) 2a, and the triangular wave of **3.6V was impressed to it with the 
trace speed of 0.001 Hz. At this time, the flowing current was measured using the electrometer, 
the current-voltage characteristic acquired by measurement — a piece — a logarithm — (a) 
showed among drawing 3 as a Fig. Among drawing 3 , in (a), ** shows the forward current- 
voltage characteristic and ** shows the reverse current-voltage characteristic. In addition, 
although there was an actual measurement of the current at the time of minus electrical- 
potential-difference impression by minus in drawin g 3 , the absolute value of a current showed 
here. The maximal value was first shown in the -0.5V neighborhood at the time of reverse 
voltage impression, the current value decreased by the negative resistance which is 
subsequently a tunnel diode property, and it was admitted that a current value increased from 
the -2V neighborhood so that clearly from drawing 3 . Moreover, the rectifying characteristic 
which whose rectification ratio of **2V is 151 and was excellent was also accepted. 
Furthermore, the repeatability in nine components which consist of lap parts of a rectangular 
electrode was also good. Moreover, although the Scotch tape (trademark) was stretched on the 
vacuum deposition film of C60 and subsequently being removed, C60 vacuum-deposition film has 
arrived at the substrate firmly, and did not separate. Furthermore, although EPOSHIKI resin 
performed the protection coat on the front face of this component, it was almost changeless to 
tunnel current and a rectifying characteristic. Therefore, the component obtained by this 
example has the engine performance which was excellent as tunnel diode and a rectifying device, 
and having excelled also in repeatability and a mechanical strength was admitted. 
[0028] (Example 1 of a comparison) In the example 1, the component was similarly formed 
except not performing heat-treatment for forming an aluminum oxide layer. And this was saved 
under the vacuum after component formation. The current-voltage characteristic in the dark was 
measured like the example 1 immediately after component formation. The result was shown as 
(b) among drawing 3 . Among drawing 3 , in (b), ** shows the forward current-voltage 
characteristic and ** shows the reverse current-voltage characteristic. The component obtained 
here did not show the negative resistance and the rectifying action which are a tunnel diode 
property, but the rectification ratios of **1 V were 1.2 and the value which was very inferior. 
[0029] (Example 2) +2V were impressed to the aluminum electrode of the component produced 
like the example 1 , and the homogeneous light of the wavelength of 400nm and optical on-the- 
strength 100 microwatt/cm 2 was irradiated. The big photocurrent of 1 .3microA/cm2 was 
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observed at this time, and it was admitted that the obtained component was excellent also as a 
photosensor. Furthermore, the photocurrent has been observed even if it changed wavelength in 
400-800nm. Moreover, the repeatability in nine components which consist of lap parts of a 
rectangular electrode was also good. 

[0030] (Example 2 of a comparison) The component was produced like the example 1 of a 
comparison. The 400nm same homogeneous light as an example 2 was irradiated at the aluminum 
electrode of the component immediately after production. Although the photocurrent of 

0. 1microA/cm2 was observed at this time, this value was a very small value as compared with 
the value observed in the example 2. 

[0031] (Example 3) The tunnel diode which has the configuration shown in drawin g 2 was 
produced. Up 0.5mmx3cm of the 2cmx3cm glass substrate 1 was covered, and on this substrate 

1, vacuum deposition of the aluminum was carried out to the thickness of a 200 ONGUSU toe 
ROM, and it was referred to as electrode 2a (permeability of the 400nm homogeneous light; 
2.18%). It once took out with this condition into air, and put in into the 80-degree C thermostat, 
annealing was performed under the air ambient atmosphere for 30 minutes, and the aluminum 
oxide layer 3 was formed on electrode 1a. The thickness of the aluminum oxide layer 3 was 100A 
in measurement of an ellipsomter. Furthermore, on this oxide layer 3, vacuum deposition of C60 
was carried out to 1000A thickness like the example 1, and the vacuum deposition film 4 of C60 
was formed. Subsequently, on it, vacuum deposition of 0.5cmx1.5cm copper-electrode 2b and 
the three pieces was carried out, and the component was formed. When the triangular wave 
which is -1 V to +1 V was impressed to this component from the function generator (scanning 
speed; 0.002Hz), the current-voltage characteristic showed the same tunnel diode property as 
(a) among drawing 3 . Moreover, repeatability was good about three electrodes. 

[0032] (Example 3 of a comparison) 2000A of alpha-sesquithienyls was vapor-deposited like the 
example 3 on the top face of the glass plate 1 in which aluminum electrode 2a and the aluminum 
oxide layer 3 were formed (20A/(second)). If it is very hard to vapor-deposit alpha-sesquithienyl 
and it is vapor-deposited slowly, it will serve as film which decomposed and contained many 
impurities. Although decomposition will decrease if it vapor-deposits quickly (20A/(second) or 
more), an impurity is contained too. Subsequently, 0.5cmx1.5cm copper-electrode 2b and three 
pieces were formed by vacuum evaporationo. The triangular wave of -2 to +2V was impressed to 
the obtained component from the function generator (0.002Hz). This component showed a 
rectifying action, or did not show it, and its repeatability was very bad. Furthermore, negative 
resistance characteristic as tunnel diode was not observed at the time of the forward direction 
and reverse voltage impression. 

[0033] (Example 4) The tunnel diode which has the configuration shown in drawing 2 was 
produced. On slide glass 1 , indium electrode 2a was formed like the example 3. Then, the silicon 
oxide thin film 3 was formed by sputtering the whole surface on slide glass 1 and electrode 2a. 
Besides, it extracted from soot, vacuum deposition of this was carried out to the thickness of 
1000A using fullerene mixing (containing C70 for C60 19% 80% in liquid chromatography analysis, 
remaining 1% was a 70 or more C high order fullerene compound) which removed insoluble matter 
with the chromatography, and the fullerene thin film 4 was formed. Subsequently, on it, vacuum 
deposition of 0.5cmx1.5cm silver electrode 2b and the three pieces was carried out, and the 
component was formed. When the current-voltage characteristic of the obtained component was 
measured like the example 3, when a minus electrical potential difference was impressed to an 
indium electrode, negative resistance was accepted, and it has checked that a tunnel diode 
property was shown. 

[0034] (Example 5) In the configuration shown in drawin g 2 , the tunnel diode which has the 
configuration which made reverse 1 st electrode 2a and sequence of 2nd electrode 2b was 
produced. Width of face of 0.5cm and die length of 3cm were etched with the hydrochloric acid 
on 3cm 2cmx ITO glass 1, the conductive film was removed (part equivalent to 1 in drawin g 2 a), 
and the conductive remaining film was made into indium oxide (ITO) electrode 2b. On this 
electrode 2b, the dispersion liquid (60; 20mg of C, vinyl acetate;20mg, ethyl acetate; dispersion 
liquid which put the glass bead into 200mg and were distributed with the paint shaker for 1 hour) 
which made vinyl acetate / ethyl-acetate solution distribute C60 were thin-film-ized using bar 
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coating-machine #4, and the polymer distribution film 4 of C60 was produced. The vacuum drying 
of this film 4 was carried out at 100 degrees C for 1 hour. Thickness was 0.2 micrometers. 
Subsequently, by carrying out sputtering of the silicon in an oxygen ambient atmosphere on this 
film 4 f the silicon oxide layer was made to form in the thickness of 80A, on it, vacuum deposition 
of the three aluminum (width-of-face [ of 0.5cm ], die length of 1.5cm) electrode 2a was carried 
out and the component was constituted. The triangular wave of -2V to +2V was impressed at a 
scanning speed of 0.001Hz from the function generator between this indium oxide electrode 2b 
and aluminum electrode 2a. The current-voltage characteristic at this time showed negative 
resistance like (a) among drawing 3 at the time of reverse voltage impression, and also showed 
the rectifying action. Moreover, the repeatability in 3 sets of formed electrodes was good. 
Moreover, even if it carried out the protection coat of the whole with the epoxy resin, the 
current-voltage characteristic hardly changed. Therefore, the component obtained by this 
example has the engine performance which was excellent as tunnel diode and a rectifying device, 
and having excelled also in repeatability was admitted. 

[0035] (Example 6) Tunnel diode was produced in the above-mentioned example 5, using the 
cast film as a fullerene thin film 4. Like the example 5, on indium oxide electrode 2b which etched 
indium tin glass 1 and was obtained, the liquid made to dissolve the carbon cluster C60 in 
toluene was dropped, and the cast film 4 of C60 was produced using the spinner. The vacuum 
drying was carried out at 100 more degrees C for 1 hour. Others formed the component similarly. 
When the electrical potential difference of 1V was impressed to this component and the 
homogeneous light of 400nm and 1 mW/cm2 was irradiated, the photocurrent of 1.5A was 
observed. Moreover, this component showed the good rectifying action and the tunnel diode 
property like the thing of an example 5. 

[0036] (Example of reference) Commercial crude soot was refined and C60 and C70 were 
obtained. First, 4g (vacuum metallurgy incorporated company make) of crude soot containing 
fullerene was put into the extraction thimble, and it extracted by n-hexane;200ml for 24 hours 
using the Soxhlet extractor. Subsequently, the solvent was changed into mesitylene;200ml and 
the extract was performed for further 24 hours. When the first n-hexane solution was analyzed 
by liquid chromatography (silica gel - n-hexane), the ratio of C60:C70 is 9:1 and did not contain 
most of 76 or more C fullerene. The ratio of C60:C70 is about 6:4, and the mesitylene extract 
was carrying out variety content of the 76 or more C fullerene. n-hexane extract was condensed 
by the evaporator and 0.26g fullerene mixture was obtained. Using the ODS column, the mixed 
solvent of a 2-propanol / toluene;6/4 was used as the developing solution, and 0.21 g and 0.02g 
of high grades C70 were obtained for the high grade C60 using inside low voltage preparative 
chromatograph. The mesitylene extract was condensed by the evaporator and mixed fullerene 
0.1 3g was obtained. It isolated preparatively by the chromatograph similarly and mixture;0.01g of 
60; 0.07g of high grades C, 70; 0.04g of high grades C, and other fullerene was obtained. Mixture 
contained C76, C78, C84, and fullerene with still larger molecular weight from GC-MS analysis. 
[0037] 

[Effect of the Invention] As explained above, the tunnel diode of this invention A fullerene thin 
film and the insulating layer prepared in contact with this fullerene thin film, It comes to have the 
1 st electrode prepared in contact with this insulating layer, and the 2nd electrode prepared in 
contact with the above-mentioned fullerene thin film. Said 1st electrode A lithium, sodium, 
magnesium, aluminum, A potassium, an indium, calcium, zinc, a scandium, titanium, It consists of 
manganese, a zirconium, a gallium, niobium, antimony, and one or more sorts of ingredients 
chosen from the group which consists of samarium. Said 2nd electrode Palladium, a tellurium, a 
rhenium, iridium, copper, Silver, gold, platinum, a ruthenium, germanium, the tin oxide, indium 
oxide, It is characterized by consisting of one or more sorts of ingredients chosen from the 
group which consists of the tin oxide which carried out the heavy dope by indium oxide, a zinc 
oxide, graphite, glassy carbon, a silver paste, and carbon paste. The tunnel diode of this invention 
can show the outstanding rectifying action and the outstanding photoconductivity, and can 
constitute various kinds of semiconductor devices, using this suitably while it shows the 
outstanding tunnel diode property. And the fullerene used by this invention is easy to compound, 
and in order to dissolve in a solvent, it is easy to refine, and it can obtain a high grade article 
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easily. Moreover, thermal resistance is also high, and since the decomposition at the time of 
vacuum evaporation© does not take place, either, component-ization can be performed easily. 
Therefore, tunnel diode with sufficient repeatability is obtained. Moreover, these fullerene can be 
used also in the form of the cast film which does not need a vacuum, and the polymer 
distribution film. Therefore, good stability and repeatability are acquired by using the fullerene 
thin film which the tunnel diode of this invention produces fullerene and is obtained. Furthermore, 
since the engine performance* does not change even if it gives the protection coat which used 
resin etc., the tunnel diode of this invention can be used for an extensive application. Especially, 
it is broadly applicable to driver elements, such as a rectifying device, liquid crystal using a 
rectifying action, and an ECD component, a photosensor, or the image sensors adapting a 
photosensor function. 
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1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



TECHNICAL FIELD 

[Industrial Application] Especially this invention relates to the tunnel diode which has the 
outstanding rectifying action and the outstanding photoconductivity with respect to an organic- 
semiconductor component. 
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PRIOR ART 



[Description of the Prior Art] In the field of a semiconductor device, inorganic substances, such 
as sulfuration cadmium NIUMU, a zinc oxide, crystal silicon, an amorphous silicon, and gallium 
arsenide, have been used conventionally. These are used for a transistor, a rectifying device, IC 
and LSI, the photosensor, the solar battery, etc. Generally the tunnel diode which does the 
tunnel effect so in these semiconductor devices consists of a PN junction or (Metal M)- 
(insulating-layer I)-semi-conductor (S) junction (MIS junction), in the case of a PN junction, P 
and N are doped to high concentration, and in MIS junction, the thickness of an insulating layer 
(I) is regulated in the specific range, and it is constituted. And in the case where ** insulating 
layer is comparatively thick, it sets to the current-voltage characteristic. A configuration shows 
the current maximum at the time of the forward direction or reverse voltage impression, and the 
description which a current value decreases by negative resistance, and begins to increase is 
acquired after that. In the case where ** insulating layer is comparatively thin in the current- 
voltage characteristic, the description from which a current value becomes fixed in the fixed 
electrical-potential-difference range is acquired ("Physics of Semiconductor Devices" — ) 2nd 
(s) Edition, S.M.Sze, John Wiley & Sons, NY, 513 pages (1981). Such tunnel diode is used for a 
high-speed switching element, a multivibrator, a high-speed logical circuit, or a low noise 
microwave amplifier with the property. However, in order to produce these semiconductor 
devices using the above inorganic substances, advanced vacuum devices, an advanced film 
production technique, advanced purity regulation, etc. were required, and the production was 
what cannot be released easily. 

[0003] On the other hand, the versatility of the organic substance, semi-conductor nature, etc. 
began to attract attention, and great research has been made about the semi-conductor nature 
of organic compounds, such as polyacethylene, polypyrrole, and a phthalocyanine, and 
conductivity ("new and a conductive polymer", **** Hiroyuki editorial supervision, CMC, (1987)). 
and as a semiconductor device which comes to pinch a conductive polymer or a semi-conductor 
nature organic compound with a metal Polyacethylene, the poly diacetylene, polypyrrole, alpha- 
sesquithienyl, MS component which comes to pinch semi-conductor thin films (S), such as a 
phthalocyanine, with a metal electrode (M), Or the MIS component which comes to pinch the thin 
film (I) of an insulator among them, many components are proposed ("Physics of Semiconductor 
Devices" — ) 2nd(s) Edition, S.M.Sze, John Wiley & Sons, NY (1981), D.Fichou, F.Garnieret al., 
CHEMTRONICS, 1988, 176 pages. 

[0004] These organic compounds show the semi-conductor nature of P type or N type, and 
when this is pinched with the small electrode of a work function, and the large electrode of a 
work function as compared with the Fermi level of the organic compound, they show a rectifying 
action. For example, when this is pinched with an aluminum electrode and an indium tin oxide (or 
gold) electrode in the case of alpha-sesquithienyl (D. Fichou, F.Garnier et al., CHEMTRONICS, 
1988, 176 pages), **1 V show the rectifying action of 100 times or more. Furthermore, the 
example (Pt| polypyrrole | poly thiophene |ln, M.Aizawa, H.Shirakawa, Synth. Met., No. 18, and 711 
pages (1987)) which built the rectifying device by junction of a different-species conductive 
polymer and FET The built example (H. Koezuka, etal., Synth. Met., No. 18, and 699 pages (1987)) 
is also known. Moreover, since a phthalocyanine etc. shows a photoconductivity, the application 
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to a solar battery etc. is considered and the solar battery which comes to pinch this with 
aluminum and ITO glass (electrically conductive glass by the tin-oxide thin film which carried out 
the heavy dope by indium oxide) is examined. However, the present condition is that a report of 
the tunnel diode using an organic compound is not found. 
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EFFECT OF THE INVENTION 



[Effect of the Invention] As explained above, the tunnel diode of this invention A fullerene thin 
film and the insulating layer prepared in contact with this fullerene thin film, It comes to have the 
1st electrode prepared in contact with this insulating layer, and the 2nd electrode prepared in 
contact with the above-mentioned fullerene thin film. Said 1st electrode A lithium, sodium, 
magnesium, aluminum, A potassium, an indium, calcium, zinc, a scandium, titanium, It consists of 
manganese, a zirconium, a gallium, niobium, antimony, and one or more sorts of ingredients 
chosen from the group which consists of samarium. Said 2nd electrode Palladium, a tellurium, a 
rhenium, iridium, copper, Silver, gold, platinum, a ruthenium, germanium, the tin oxide, indium 
oxide, It is characterized by consisting of one or more sorts of ingredients chosen from the 
group which consists of the tin oxide which carried out the heavy dope by indium oxide, a zinc 
oxide, graphite, glassy carbon, a silver paste, and carbon paste. The tunnel diode of this invention 
can show the outstanding rectifying action and the outstanding photoconductivity, and can 
constitute various kinds of semiconductor devices, using this suitably while it shows the 
outstanding tunnel diode property. And the fullerene used by this invention is easy to compound, 
and in order to dissolve in a solvent, it is easy to refine, and it can obtain a high grade article 
easily. Moreover, thermal resistance is also high, and since the decomposition at the time of 
vacuum evaporation© does not take place, either, componentHzation can be performed easily. 
Therefore, tunnel diode with sufficient repeatability is obtained. Moreover, these fullerene can be 
used also in the form of the cast film which does not need a vacuum, and the polymer 
distribution film. Therefore, good stability and repeatability are acquired by using the fullerene 
thin film which the tunnel diode of this invention produces fullerene and is obtained. Furthermore, 
since the engine performance does not change even if it gives the protection coat which used 
resin etc., the tunnel diode of this invention can be used for an extensive application. Especially, 
it is broadly applicable to driver elements, such as a rectifying device, liquid crystal using a 
rectifying action, and an ECD component, a photosensor, or the image sensors adapting a 
photosensor function. 
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TECHNICAL PROBLEM 

[Problem(s) to be Solved by the Invention] the above-mentioned organic compound — general - 
- the instability (for example, the instability over air, humidity, etc. of polyacethylene — ) of **S 
layer, i.e., a conductive polymer layer, or an organic-semiconductor layer the fall (for example, 
alpha-sesquithienyl — ) of repeatability by mixing of ** impurity, such as instability after doping 
A phthalocyanine etc. does not have the solvent which dissolves only concentrated-sulfuric-acid 
extent, and improvement in purity is very difficult for it. ** Indeterminacy at the time of 
component formation (mixing of the catalyst by the vapor phase polymerization, electrolytic 
polymerization, etc., an electrolyte, etc.) Mixing of the impurity by the pyrolysis at the time of 
vacuum deposition, such as alpha-sesquithienyl and a phthalocyanine, etc., ** The corrosion of 
the electrode after component formation (corrosion of the electrode by the dopant, promotion of 
oxidation of an aluminum electrode which is looked at by the phthalocyanine, etc.), ** It does not 
have problems, such as mechanical brittleness (if vacuum deposition film, such as alpha- 
sesquithienyl and a phthalocyanine, is rubbed, it will separate) of a thin film, and neither has 
resulted in utilization. Furthermore in a solar battery, it has not resulted [ from the lowness of 
conversion efficiency ] in the degradation with the passage of time and utilization. It is 
electrophotography photo conductor extent using the polymer battery which used the poly 
aniline, the capacitor using TCNQ, a phthalocyanine, etc. which was slightly put in practical use 
with the organic substance, and the present condition is that an outstanding result cannot be 
found. 
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MEANS 



[Means for Solving the Problem] By preparing two or more electrodes using a fullerene thin film 
so that this may be touched as a result of inquiring wholeheartedly that this invention persons 
should improve these in view of the various faults like the above of organic semiconductors 
including the conventional conductive polymer It finds out that a tunnel diode property is 
acquired by preparing an insulating layer between an electrode and a fullerene layer using that a 
semiconductor device is easily obtained with sufficient repeatability, and a specific electrode, 
and came to complete this invention. 

[0007] In order to solve said technical problem, namely, the tunnel diode of this invention A 
fullerene thin film and the insulating layer prepared in contact with this fullerene thin film, It 
comes to have the 1st electrode prepared in contact with this insulating layer, and the 2nd 
electrode prepared in contact with the above-mentioned fullerene thin film. Said 1st electrode A 
lithium, sodium, magnesium, aluminum, A potassium, an indium, calcium, zinc, a scandium, 
titanium, It consists of manganese, a zirconium, a gallium, niobium, antimony, and one or more 
sorts of ingredients chosen from the group which consists of samarium. Said 2nd electrode 
Palladium, a tellurium, a rhenium, iridium, copper, Silver, gold, platinum, a ruthenium, germanium, 
the tin oxide, indium oxide, It is characterized by consisting of one or more sorts of ingredients 
chosen from the group which consists of the tin oxide which carried out the heavy dope by 
indium oxide, a zinc oxide, graphite, glassy carbon, a silver paste, and carbon paste. 
[0008] Hereafter, this invention is explained in detail. This invention offers the MIS tunnel diode 
which has a fullerene thin film (S), the insulating layer (I) which touches this, and the 1st 
electrode (M) which touches an insulating layer and the 2nd electrode which touches a fullerene 
thin film. Drawing 1 is what showed one example of the tunnel diode of this invention, and it is 
the sectional view where (a) meets a top view and (b) meets the A-A line in (a). The 1 st three 
electrode 2a, 2a, and 2a with which the tunnel diode shown in drawing 1 was formed in the shape 
of a strip of paper on the insulating substrate 1 is formed in parallel. An insulating layer 3 is 
formed in the top face of these 1st electrodes 2a, 2a, and 2a, and the fullerene thin film 4 is 
formed in the top face of an insulating layer 3 and an insulating substrate 1. It is prepared so 
that the 1st electrode 2a, 2a, and 2a of the above, and 2nd three electrode 2b, 2b and 2b which 
were furthermore formed in the shape of a strip of paper on this fullerene thin film 4 may cross 
at right angles in parallel. An insulating layer 3 may be formed here the whole surface not only a 
1st electrode 2a top but on the 1st electrode 2a and a substrate 1. Furthermore, protective 
coats, such as insulating polymer film or an insulating metallic oxide, can also be formed if 
needed on 2nd electrode 2b, 2b, 2b, and the fullerene thin film 4. Moreover, the number of the 
1st electrode and the 2nd electrodes can be set or more to one at arbitration, respectively. 
[0009] The fullerene thin film 4 used by this invention is a thin film formed using fullerene. here, 
it becomes fullerene from sp2 carbon — it is the generic name of the carbon cluster of the 
shape of spherical or a Rugby ball, and, generally C60, C70, C76, C78, C82, C84, C90, and C96 
grade are known. These contain carbon in arc discharge or the middle class of soot which carry 
out resistance heating, and it was made to evaporate, it quenched with inert gas, such as helium, 
and was generated, and C60 (for example, Nature(s), such as Kraetschmer, No. 347, 354 etc. 
pages (1990), etc.) contains them. [ most ] And the mixture of the above-mentioned carbon 



http://www4.ipdl. ncipi.gojp/cgi-bin/tran_web_cgi^eije 



2005/09/15 



JP,3313405,B [MEANS] 



2/4 ^— v 



cluster is obtained from this soot by extracting, for example with solvents, such as a hexane, 
benzene, toluene, a mesitylene, and a carbon disulfide, for refining this mixture furthermore and 
isolating respectively — usually — purification of an organic compound — business — **** — a 
chromatography — technique (for example, Nature(s), such as Kraetschmer, No. 347, 354 etc. 
pages (1990), etc.) can be used. In this invention, the mixed fullerene by which composition and 
isolation perform extract and insoluble impurity removal, and are acquired from the soot 
containing C60 or C70, or these is used preferably. [ easy ] 

[0010] The fullerene thin film 4 can be formed by various kinds of film production approaches, 
and can be used, for example, the vacuum deposition film, the cast film, the polymer distribution 
film, etc. can be used. According to the technique of general vacuum deposition, fullerene is 
heated under the vacuum of 5x10 to 5 or less torrs using a metallicity boat or an alumina nature 
boat (the volume thin film handbooks and for 131st committee of the Japan Society for the 
Promotion of Science thin film, Ohm-Sha (1984), etc.), and the vacuum deposition film can form 
a thin film by putting a substrate on the upper part or lower part. Under the present 
circumstances, the need may be accepted, and a substrate may be heated or cooled. When a 
thin film is amorphous when a substrate is cooled, and it heats more than a room temperature or 
it, it is obtained as a crystallized state. The vacuum deposition film of these fullerene is very 
firmly [ stably ] firm in air. For example, the conventional phthalocyanine, alpha-sesquithienyl, 
etc. will separate, if it rubs, and to being inferior to a mechanical strength so that it can exfoliate 
easily with a Scotch tape (trademark) etc., even if it rubs the vacuum evaporation© film of 
fullerene, it does not separate easily, but it is firm film which cannot exfoliate and is excellent in 
a Scotch tape (trademark) at a mechanical strength. 

[001 1] The cast film is the means which uses the property which for example, fullerene dissolves 
in aromatic hydrocarbon, such as benzene, toluene, and a mesitylene, a carbon disulfide, n- 
hexane, etc., and can create a thin film simple. Namely, make it dissolve in the above-mentioned 
solvent etc., and it is dropped on a substrate, or a substrate is fixed on a spinner. After the 
above-mentioned solution is dropped, make it rotate at a suitable rotational frequency, and thin- 
film-ize a spinner. Or with the means of thin-film-izing the solution dropped on the substrate 
using a bar coating machine or a doctor blade, it can thin-filrrHze and, subsequently a film can 
be produced air drying, heat, or by drying with means, such as carrying out a vacuum drying. 
[0012] The polymer distribution film can be produced with the same means as the above- 
mentioned cast film, after adding fullerene in the solution of a polymer and making it dissolve or 
distribute. As the distributed approach, the pigment-content powder technique, such as a paint 
shaker, a spec. SUMIKI sir mill, a sand mill, a ball mill, ATORATA, and a kneader, can be used. As 
a polymer which can be used here, although there is especially no limit, when an example is 
given, there are copolymers, such as fluorination polymers, such as vinyl system polymers, such 
as saturated polyester, unsaturated polyester, a polycarbonate, a polyvinyl chloride, Pori acetic- 
acid vinyl, a poly vinyl carbazole, and styrene, fluoride poly vinylidene, and fluoride polyvinyl, and 
a styrene-maleic acid, etc. Moreover, for example, liquid crystal macromolecules, such as a 
polyacrylate system liquid crystal macromolecule and a polysiloxane system liquid crystal 
macromolecule, can also be used. 

[0013] About the thickness of the fullerene thin film 4 which constitutes tunnel diode, since it 
will be easy to short-circuit each other electrode if too thin, a thing with a certain amount of 
thickness is desirable. Therefore, the range of 100A - 100 micrometers is suitable for the 
thickness of the fullerene thin film 4, and the range of it is 200A - 10 micrometers especially 
preferably. 

[0014] In order to pull out the semi-conductor nature which was excellent in fullerene, it is 
required to prepare 1st electrode 2a which touches the fullerene thin film 4 through an insulating 
layer 3 at least, and 2nd electrode 2b which touches the fullerene thin film 4. As these 
electrodes, a metal electrode, a metallic-oxide electrode, a carbon electrode, etc. can be used, 
for example. As the 1st electrode 2a, if it illustrates, metals, such as a lithium, sodium, 
magnesium, aluminum, a potassium, an indium, calcium, zinc, a scandium, titanium, manganese, a 
zirconium, a gallium, niobium, antimony, and samarium, can be used, and especially aluminum is 
used preferably. 
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[0015] As 2nd electrode 2b, for example Moreover, palladium, a tellurium, a rhenium, Iridium, 
copper, silver, gold, platinum, a ruthenium, germanium, the tin oxide (for example, NESA glass), 
Although a metal or metallic oxides, such as the tin oxide (for example, ITO glass) which carried 
out the heavy dope by indium oxide and indium oxide, a zinc oxide, graphite, glassy carbon, a 
silver paste, and carbon paste, etc. are used Especially, platinum, gold, silver, copper, the tin 
oxide (for example, NESA glass, NESA coat polymer film), and indium oxide (for example, ITO 
glass, ITO coat polymer film) are desirable. 

[0016] A metal plate, a carbon plate, a thin film, the conductive paint film, etc. can be used for 
these electrodes with any gestalt. When using it with the gestalt of a thin film, it can be used 
with the means of a metallic foil, the vacuum evaporationo film, the sputtering film, an 
electrodeposited film, the spray pyrolysis film, etc., thin-filrrr-izing. Moreover, a conductive paint 
(for example, silver, a carbon content coating) can be applied, and an electrode can also be 
formed. Here, when preparing an electrode by film production or spreading, it is desirable to use 
a substrate 1. As this substrate 1, there is especially no limit and its insulating thing is desirable. 
As the example, a glass plate, a quartz plate, an insulating polymer plate, etc. are mentioned. 
Moreover, especially when using tabular electrodes, such as a metal plate and a carbon plate, as 
an electrode, it is not necessary to use a substrate 1. 

[0017] In the tunnel diode of this invention, in order to acquire the tunnel effect, it is an 
indispensable condition to have the thin insulating layer 3 between 1st electrode 2a with a small 
work function and the fullerene thin film 4. As this insulating layer 3, a metallic oxide, an organic 
compound, a polymer insulating layer, etc. can be used. As a metal oxide layer, aluminum oxide, 
oxidization silicon, indium oxide, the tin oxide, titanium oxide, etc. are mentioned. As an organic 
compound or a polymer insulating layer, that what is necessary is just a usual insulating organic 
compound or a usual polymer, if it illustrates, a fatty acid, long-chain alcohol, polyethylene, a 
polyvinyl chloride, a polyacrylonitrile, an epoxy resin, a polyamide, etc. will be mentioned. In 
addition, this invention is not limited to the compound of instantiation here. 
[0018] These insulating layers 3 can be easily formed by technique, such as vacuum 
evaporationo, sputtering, casting, and LB film. Moreover, the formation of an aluminum oxide and 
oxidation silicon is desirable especially from an easy thing as an insulating layer 3. In the case of 
an aluminum oxide insulating layer, this can be easily formed by heat-treating the aluminum layer 
obtained by vacuum evaporationo in oxygen content gases, such as air. An oxidation silicon 
insulating layer can form this easily by carrying out sputtering of the silicon under an oxygen 
ambient atmosphere, or heat-treating the vacuum evaporationo film of silicon in oxygen content 
gases, such as air. In these insulation layer forming processes, although especially heat 
treatment temperature is not restricted, the temperature of 50-1000 degrees C is desirable also 
from the point of workability. Especially when oxidizing an aluminum layer, the temperature of 
50-200 degrees C is suitable, and when oxidizing a silicon layer, the temperature of 200-800 
degrees C is suitable. Moreover, in the configuration of tunnel diode, especially the thickness of 
an insulating layer 3 is especially important, and its thickness of 30-150A is desirable 10-200A. 
[0019] The tunnel diode of this invention is the following, and can be made and produced. A 
substrate 1 is prepared first. Next, 1st electrode 2a is formed with means, such as vacuum 
evaporationo or sputtering, on the substrate 1. And in being the metal electrode with which this 
1st electrode 2a tends to oxidize, it heat-treats in oxygen content gases, such as air, and forms 
the oxide insulating layer 3. Furthermore, the fullerene thin film 4 is formed with the means of 
vacuum evaporationo, casting, or the polymer distribution film on the insulating layer 3. 
Subsequently, tunnel diode is producible by forming 2nd electrode 2b with means, such as 
vacuum evaporationo and sputtering, on the fullerene thin film 4. Or after forming the 2nd metal 
electrode first on the insulating substrate 1, sequential film production of the fullerene thin film 
4, an insulating layer 3, and the 1st electrode 2a can be carried out, and tunnel diode can also be 
produced. 

[0020] After the maximal value of a current is shown in current-voltage characteristic 
measurement in the dark when the sweep of the electrical potential difference is carried out to 
hard flow from 0V if it is in the tunnel diode of this invention, in order to show negative 
resistance subsequently, the current value decreases, the increment in a current value is 
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accepted after that, and the characteristic property as tunnel diode is acquired. 

[0021] Moreover, the tunnel diode of this invention can show the outstanding rectifying action 

and a photoconduction property, and does not become unable to accept [ but ] the application 

as tunnel diode, i.e., a high-speed switching element, a multivibrator, a high-speed logical circuit, 

a low noise microwave amplifier, etc., but can be used also for a rectifying device, an optical 

switch, and a photosensor while it shows the outstanding tunnel diode property. 

[0022] In addition, the tunnel diode of this invention is not limited to the configuration of the 

above-mentioned example, and various gestalten are possible for it and it may consist of a 

crystal, powder, etc. Moreover, various gestalten can be taken by the purpose of using tunnel 

diode, and based on these purposes, the configuration of an electrode and a component is 

changed suitably and it deals in it. 

[0023] Here, thickness of an electrode can be made arbitrary when using it as tunnel diode and a 
rectifying device. On the other hand, when using it as a photosensor, the electrode of the side 
which carries out incidence of the light needs to be translucent. Although the range whose 
permeability of light is 98% - 0.1% is used when using an oxide electrode, the responsibility over 
light has the high one where the permeability of light is larger. In the case of a metal electrode, 
the responsibility over light has the high one where the permeability of light is larger, but if 
permeability is too large, an electrode will not conduct a current. Therefore, as for the 
permeability of light, 50% - 0.1% of range is used suitably. 

[0024] What used the configuration of an electrode as the sandwiches electrode as shown in 
drawing 1 can be used suitable for the integrated rectifying devices (for example, switching 
element etc.), for example, can drive liquid crystal, ECD, etc. Or it can use suitably also as 
photosensors (for example, image sensors etc.). Electric field can be impressed to the 1 st 
electrode 2a and 2nd electrode 2b which go direct mutually from an outdrive unit (not shown) in 
these cases, and it can use as a rectifying device or a photosensor. 

[0025] Drawing 2 is what showed other examples of the tunnel diode of this invention which used 
the sandwiches electrode, and it is the sectional view where (a) meets a top view and (b) meets 
the A-A line in (a). 1st electrode 2a is prepared on an insulating substrate 1, an insulating layer 3 
is formed on this 1st electrode 2a (or the 1st electrode 2a and the whole insulating-substrate 1 
top surface), all over that upper part, the fullerene thin film 4 is formed and, as for this thing, 2nd 
electrode 2b formed in the shape of a strip of paper on the fullerene thin film 4 is prepared 
further. The number of these 2nd electrode 2bs is set as the number of one or more arbitration, 
and can carry out things. In addition, what kind of configurations, such as not only the shape of a 
strip of paper but a circle, an ellipse, etc., are sufficient as 2nd electrode 2b. 1 st electrode 2a 
leaves one edge section 1a of substrate 1 top face, and is formed in band-like [ thick ]. 
Moreover, 2nd electrode 2b It intersects perpendicularly with the longitudinal direction of 1 st 
electrode 2a formed previously, it is prepared so that it may be crossed and located on edge 
section 1a of the above-mentioned insulating substrate 1 from on 1st [ of a parenthesis ] 
electrode 2a, and it can prevent un-arranging [ which wiring from the 1 st electrode and 2nd 
electrode short-circuits by this ]. Moreover, protective coats, such as insulating polymer film or 
an insulating metallic oxide, can also be formed on 2nd electrode 2b and the fullerene thin film 4 
if needed. Thus, the constituted tunnel diode can be used effective in an independent rectifying 
device, a transistor, a photosensor, etc. 
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EXAMPLE 



[Example] (Example 1) The tunnel diode which has the configuration shown in drawing 1 was 
produced. On slide glass 1 t 1st electrode 2a of width of face of 3mm and a die-length 20mm 
configuration was formed with three pieces and vacuum deposition at intervals of 3mm. 
Aluminum was used for this electrode 2a f and it formed in the thickness of 200A under the 
vacuum of 5x10-5torr. Put this electrode 2a and the slide glass 1 in which three pieces were 
formed on 20cm on the alumina crucible of a vacuum deposition machine, and put the carbon 
cluster C60 into the crucible made from an alumina, and it was made to vapor-deposit, heating at 
520-550 degrees C under the vacuum of 5x10-6torr (5A/(second)), and the vacuum deposition 
film 4 of C60 was formed in the thickness of 1000A. Subsequently, golden electrode 2b and three 
pieces were formed in the thickness of 200A, and the component was produced. It put in into the 
oven which heated this component at 100 degrees C, and heat-treated under the air ambient 
atmosphere for 20 minutes. According to measurement by the ellipsomter, at this time, the 
aluminum oxide layer 3 was formed between aluminum electrode 2a and C60 thin film 4 at the 
thickness of 60A. 

[0027] Thus, the obtained component was held to in the dark, the function generator was used 
for 1st electrode (aluminum) 2a, and the triangular wave of **3.6V was impressed to it with the 
trace speed of 0.001Hz. At this time, the flowing current was measured using the electrometer, 
the current-voltage characteristic acquired by measurement — a piece — a logarithm — (a) 
showed among drawing 3 as a Fig. Among drawing 3 , in (a), ** shows the forward current- 
voltage characteristic and ** shows the reverse current-voltage characteristic. In addition, 
although there was an actual measurement of the current at the time of minus electrical- 
potential-difference impression by minus in drawing 3 , the absolute value of a current showed 
here. The maximal value was first shown in the -0.5V neighborhood at the time of reverse 
voltage impression, the current value decreased by the negative resistance which is 
subsequently a tunnel diode property, and it was admitted that a current value increased from 
the -2V neighborhood so that clearly from drawing 3 . Moreover, the rectifying characteristic 
which whose rectification ratio of **2V is 151 and was excellent was also accepted. 
Furthermore, the repeatability in nine components which consist of lap parts of a rectangular 
electrode was also good. Moreover, although the Scotch tape (trademark) was stretched on the 
vacuum deposition film of C60 and subsequently being removed, C60 vacuum-deposition film has 
arrived at the substrate firmly, and did not separate. Furthermore, although EPOSHIKI resin 
performed the protection coat on the front face of this component, it was almost changeless to 
tunnel current and a rectifying characteristic. Therefore, the component obtained by this 
example has the engine performance which was excellent as tunnel diode and a rectifying device, 
and having excelled also in repeatability and a mechanical strength was admitted. 
[0028] (Example 1 of a comparison) In the example 1, the component was similarly formed 
except not performing heat-treatment for forming an aluminum oxide layer. And this was saved 
under the vacuum after component formation. The current-voltage characteristic in the dark was 
measured like the example 1 immediately after component formation. The result was shown as 
(b) among drawin g 3 . Among drawing 3 , in (b), ** shows the forward current-voltage 
characteristic and ** shows the reverse current-voltage characteristic. The component obtained 
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here did not show the negative resistance and the rectifying action which are a tunnel diode 
property, but the rectification ratios of **1 V were 1.2 and the value which was very inferior. 
[0029] (Example 2) +2V were impressed to the aluminum electrode of the component produced 
like the example 1. and the homogeneous light of the wavelength of 400nm and optical on-the- 
strength 100 microwatt/cm 2 was irradiated. The big photocurrent of 1 .3microA/cm2 was 
observed at this time, and it was admitted that the obtained component was excellent also as a 
photosensor. Furthermore, the photocurrent has been observed even if it changed wavelength in 
400-800nm. Moreover, the repeatability in nine components which consist of lap parts of a 
rectangular electrode was also good. 

[0030] (Example 2 of a comparison) The component was produced like the example 1 of a 
comparison. The 400nm same homogeneous light as an example 2 was irradiated at the aluminum 
electrode of the component immediately after production. Although the photocurrent of 

0. 1microA/cm2 was observed at this time, this value was a very small value as compared with 
the value observed in the example 2. 

[0031] (Example 3) The tunnel diode which has the configuration shown in drawing 2 was 
produced. Up 0.5mmx3cm of the 2cmx3cm glass substrate 1 was covered, and on this substrate 

1 , vacuum deposition of the aluminum was carried out to the thickness of a 200 ONGUSU toe 
ROM, and it was referred to as electrode 2a (permeability of the 400nm homogeneous light; 
2.18%). It once took out with this condition into air, and put in into the 80-degree C thermostat, 
annealing was performed under the air ambient atmosphere for 30 minutes, and the aluminum 
oxide layer 3 was formed on electrode 1a. The thickness of the aluminum oxide layer 3 was 100A 
in measurement of an ellipsomter. Furthermore, on this oxide layer 3, vacuum deposition of C60 
was carried out to 1000A thickness like the example 1, and the vacuum deposition film 4 of C60 
was formed. Subsequently, on it, vacuum deposition of 0.5cmx1.5cm copper-electrode 2b and 
the three pieces was carried out, and the component was formed. When the triangular wave 
which is -1V to +1V was impressed to this component from the function generator (scanning 
speed; 0.002Hz), the current-voltage characteristic showed the same tunnel diode property as 
(a) among drawing 3 . Moreover, repeatability was good about three electrodes. 

[0032] (Example 3 of a comparison) 2000A of alpha-sesquithienyls was vapor-deposited like the 
example 3 on the top face of the glass plate 1 in which aluminum electrode 2a and the aluminum 
oxide layer 3 were formed (20A/(second)). If it is very hard to vapor-deposit alpha-sesquithienyl 
and it is vapor-deposited slowly, it will serve as film which decomposed and contained many 
impurities. Although decomposition will decrease if it vapor-deposits quickly (20A/(second) or 
more), an impurity is contained too. Subsequently, 0.5cmx1.5cm copper-electrode 2b and three 
pieces were formed by vacuum evaporationo. The triangular wave of -2 to +2V was impressed to 
the obtained component from the function generator (0.002Hz). This component showed a 
rectifying action, or did not show it, and its repeatability was very bad. Furthermore, negative 
resistance characteristic as tunnel diode was not observed at the time of the forward direction 
and reverse voltage impression. 

[0033] (Example 4) The tunnel diode which has the configuration shown in drawing 2 was 
produced. On slide glass 1, indium electrode 2a was formed like the example 3. Then, the silicon 
oxide thin film 3 was formed by sputtering the whole surface on slide glass 1 and electrode 2a. 
Besides, it extracted from soot vacuum deposition of this was carried out to the thickness of 
1000A using fullerene mixing (containing C70 for C60 19% 80% in liquid chromatography analysis, 
remaining 1% was a 70 or more C high order fullerene compound) which removed insoluble matter 
with the chromatography, and the fullerene thin film 4 was formed. Subsequently, on it, vacuum 
deposition of 0.5cmx1.5cm silver electrode 2b and the three pieces was carried out, and the 
component was formed. When the current-voltage characteristic of the obtained component was 
measured like the example 3, when a minus electrical potential difference was impressed to an 
indium electrode, negative resistance was accepted, and it has checked that a tunnel diode 
property was shown. 

[0034] (Example 5) In the configuration shown in drawing 2 , the tunnel diode which has the 
configuration which made reverse 1st electrode 2a and sequence of 2nd electrode 2b was 
produced. Width of face of 0.5cm and die length of 3cm were etched with the hydrochloric acid 
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on 3cm 2cmx ITO glass 1, the conductive film was removed (part equivalent to 1 in drawing 2 a), 
and the conductive remaining film was made into indium oxide (UO) electrode 2b. On this 
electrode 2b f the dispersion liquid (60; 20mg of C, vinyl acetate;20mg, ethyl acetate; dispersion 
liquid which put the glass bead into 200mg and were distributed with the paint shaker for 1 hour) 
which made vinyl acetate / ethyl-acetate solution distribute C60 were thin-film-ized using bar 
coating-machine #4, and the polymer distribution film 4 of C60 was produced. The vacuum drying 
of this film 4 was carried out at 100 degrees C for 1 hour. Thickness was 0.2 micrometers. 
Subsequently, by carrying out sputtering of the silicon in an oxygen ambient atmosphere on this 
film 4, the silicon oxide layer was made to form in the thickness of 80A, on it, vacuum deposition 
of the three aluminum (width-of-face [ of 0.5cm ], die length of 1.5cm) electrode 2a was carried 
out, and the component was constituted. The triangular wave of -2V to +2V was impressed at a 
scanning speed of 0.001Hz from the function generator between this indium oxide electrode 2b 
and aluminum electrode 2a. The current-voltage characteristic at this time showed negative 
resistance like (a) among drawin g 3 at the time of reverse voltage impression, and also showed 
the rectifying action. Moreover, the repeatability in 3 sets of formed electrodes was good. 
Moreover, even if it carried out the protection coat of the whole with the epoxy resin, the 
current-voltage characteristic hardly changed. Therefore, the component obtained by this 
example has the engine performance which was excellent as tunnel diode and a rectifying device, 
and having excelled also in repeatability was admitted. 

[0035] (Example 6) Tunnel diode was produced in the above-mentioned example 5, using the 
cast film as a fullerene thin film 4. Like the example 5, on indium oxide electrode 2b which etched 
indium tin glass 1 and was obtained, the liquid made to dissolve the carbon cluster C60 in 
toluene was dropped, and the cast film 4 of C60 was produced using the spinner. The vacuum 
drying was carried out at 100 more degrees C for 1 hour. Others formed the component similarly. 
When the electrical potential difference of 1 V was impressed to this component and the 
homogeneous light of 400nm and 1 mW/cm2 was irradiated, the photocurrent of 1.5A was 
observed. Moreover, this component showed the good rectifying action and the tunnel diode 
property like the thing of an example 5. 

[0036] (Example of reference) Commercial crude soot was refined and C60 and C70 were 
obtained. First, 4g (vacuum metallurgy incorporated company make) of crude soot containing 
fullerene was put into the extraction thimble, and it extracted by n-hexane;200ml for 24 hours 
using the Soxhlet extractor. Subsequently, the solvent was changed into mesitylene;200ml and 
the extract was performed for further 24 hours. When the first n-hexane solution was analyzed 
by liquid chromatography (silica gel - n-hexane), the ratio of C60:C70 is 9:1 and did not contain 
most of 76 or more C fullerene. The ratio of C60:C70 is about 6:4, and the mesitylene extract 
was carrying out variety content of the 76 or more C fullerene. n-hexane extract was condensed 
by the evaporator and 0.26g fullerene mixture was obtained. Using the ODS column, the mixed 
solvent of a 2-propanol / toluene;6/4 was used as the developing solution, and 0.21 g and 0.02g 
of high grades C70 were obtained for the high grade C60 using inside low voltage preparative 
chromatograph. The mesitylene extract was condensed by the evaporator and mixed fullerene 
0.1 3g was obtained. It isolated preparatively by the chromatograph similarly and mixture;0.01g of 
60; 0.07g of high grades C, 70; 0.04g of high grades C, and other fullerene was obtained. Mixture 
contained C76, C78, C84, and fullerene with still larger molecular weight from GC-MS analysis. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is what showed one example of the tunnel diode of this invention, and is the 

sectional view where (a) meets a top view and (b) meets the A-A line in (a). 

[Drawing 2] It is what showed other examples of the tunnel diode of this invention, and is the 

sectional view where (a) meets a top view and (b) meets the A-A line in (a). 

[Drawing 3] It is the graph which showed the current-voltage characteristic in an example and 

the example of a comparison. 

[Description of Notations] 

2a [ — Fullerene thin film ] — The 1st electrode, 2b — The 2nd electrode, 3 — An insulating 
layer, 4 
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DRAWINGS 
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*--KJ*, PNS^ £>^V^»^JK (M) -fg 

&S (I) (S) 8^ (MI S8^) T*** 

ft, PNg^^liP, NfcfcfcMMniiK-fcr:^ 
U *fcMl S^OS^Ij:, fefMi (I) <ajp:££# 

jeo«BicjiiMUT«irt*ft-6. ^tt, (Bmmm&i£ 
»s»«d5#e>ft, @mmm&&m&m^w&x~\^ m 

AS— )ti:4S1*1** s #5>ftS ( Tphysics of Semicondu 
ctor DevicesJ , 2nd Edition. S.M.Sze.John Wiley & 
Sons, NY, 513S(198l¥)) » lOtjftfy*^ 

^njfiit««^{c?iJfflSftSo Ud*U*i«6>, JblEcoJ: 

[0003] rftic*J-LT, mm®<n&m&, 
v^-c#*ftW*3&sftSft-c#fc ( rjf • *«ttK5«-# 

»J , ^^v— , (1987^) ) o * 

7 9**sT~i/^<o*mmm (s) ^Mii 
(m) t«tT^5Msif, fesv^^«ftfe(olB^c 

t6Sflc(D*BI (I) 4r«H»UT*SMl S*^«s, 
0*^S«l6SftTV^S ( Tphysics of Semiconductor 

DevicesJ , 2nd Edition. S.M.Sze.John Wiley & Son 
s,NY(1981^), D.Fichou.F.Garnieret al . , CHEMTRONIC 
S, 1988*. 176M) o 

[0 0 0 4] ^tlb<D^mfe&faftP%l&>Z>^teNM<D 

X.fi£. a-ir^^r^Ji^yKD^^ (D.Fichou.F.Garnier 
et al.. CHEMTRONICS. 1988#.176M) . ^ft^T/W^ 
= ?Attt^^?^Xm>f K (fe5vMt^) 
«Si:-CSH*Ufci:#. ±1 VT1 OOfS^HS 

Sr«ISUfe« (Pt | *' lit' | ** nt7x/ I In, M.Aizaw 



(3) 



3 

aXShirakawa. Synth. Met.. 18-*§\ 71lH(1987^)) 
^ FET $r#*^L*:#I (H.Koezuka, etal . . Synth. M 
et.. 18-^-. 699M(1987^)) t>*Pb:ft/tV^ 0 7 

^(Dfcm&fe&tzti. i^ryu^^^^it/i to 

5 D 10 
[0 0 0 5] 

[0 0 0 6] 

1 7 7 - w ^ioH icifSSi 1:8ft i I i: -C h 40 
[0 0 0 7] TKfrlb. BMBM*#*i-*fc«>fcl* * 
lc»LTRttfcftfctt*B»4. 6*W<o»Jt*>feft3 

[0 0 0 8] J^T, *»W*:WL< *«W so 
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tt % (S) rnicg-f^jffe&s 

( i ) t s m&m\cmi-z>mi<omm (m) 77- 

^>»I(^t5S 2 OlSi: t6M I S h 

*>u^-f*— KO— SM60HSr^bfct©-C, (a) «sp 
SB. (b) (a) 4 > <^A-Aj»(C»5»f®iaT& 

^TOtC^$ixfc3o(75^1(OmS2 a, 2 a, 
2 aasWrlcRttfefU m^l©ii2a, 2 a, 
2 a 0±®JC^»S 3 tm&Zfr. 3 *5 

Sfil^±Ii:77-^y»i4M^^ £ bier 

©77-l^y?ll4 ±|CS#^^^ £ Hfc 3 o<E>Sg 2 

(Dfg2b, 2 b, 2 b^WTJ-, a>o_bf5Jgi <nwm 

2 a, 2 a, 2 a t Ste^t"* <fc 5 l-Rtt ^>ttTV>-5 0 r 
Ki&MIOECT, f5 2<am«2 b, 2b, 2 b^tf^ 

[0009] **M-efflv^e>ns77— u>»jR4tt, 

ICC6 0, C70, C76. C78, C82, C84, 

C9 0, c 9 em^htix^^ 0 rttbtt, euK&r 

(«^.fi, Kraetschmer^, Nature. 34 7"*!\ 354K(1990 

, C6 oas*fc*<^r*ix-ci^ 0 ^tt^ 

«^«rffif»L, #/r^fflli-^^{i, 9««-flHC^tto 
aetschmer^. Nature. 347^-, 354M(1990#) ^) SrJBl^ 

[ooio] 77- u-^?lffi[4li#ffi(DKm*&(c<J:!9 
hBI*3J:^y^-iMRIII««:fflv^r. t&XZZ> 0 M 

&mmmn, m^ff-»nnsmm<o^m\^^ mm 

Att (1984^) §) , 5X10' S tor r WTO 



(4) 
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Ltiw&. mmteT^^TXtkmttev, -sit* ^m. 

X\ a>o#*fc«<&ffl-r*>*. 8*07^n 

[0 0 11] ^rt^hfe MX.^7 7-1/>1^^ 

So 

[0012] #y^-5MBWr±, «*tf#y^-«o*iK 
z^xm^zz:k&x%z>tf})-7—kL,xn, #^*jr 

y^^/K #y#— K #y*ffctf=— >&\ * 
yB»tr=— ^y tf— — J^UA"**/— x^-u^ 
sfo^-/u^3j<y -r— , 7 y ^ y tr^ y 75/ 

y ^y ^n**^***K4W-« 

[0 0 13] F y^/w^ KSriSt 5 7 7 - 

ho-i,- 10 0^ m(75®H^»ST*fc 5 , U 

So 

[0 0 14] 77-l^^O«nfc**{«S«:5ltmi-^ 
tt. 4>fr< t77-l^>-*K4JCJteSS3^LTS 
«Sl^)l«i2a^ 7^-U^*^4jcSi-6S2 

tS^ffiV^It^tSc fgl <£>mS2 a <t LT 



6 

J*. CRC Habdbook of Chemistry and Physics, CRC Pre 
ss , 12-97(1991^) iCfESc £ ftfc{fc*BB»-Cfc o X , 
4. 6 *«^ft*it^f 1 5 W^rlV^ ^ J:**-? 

10 10015] tfc, »2©W2bi:lttt:4. 6«_b 

<Ditmm&*tt%®'K&m^z>zk&xz, mz.&. 

ffNESA^7^) > iWfc>r^^!>A 

^-K-^ufcUfk^x («taiTo^f7^) x 
tt^asja^kixaas, &u ft, iMfc* 

X («^.tfNESA^7^, NESA^-F^U-7- 
20 K) i3J:tJ«{W^^^ (^lilTO^ IT 

[ooi6] rnb^tffiit 
s<y*y>'rm. mmm, * ? u-m^mmm^mx 

tMfUWHr»*t* 
SrS^5«^^^> S«l *r«v^*cfcjas»*UV\ r 

[o 0 1 7] h>^^-f^r— Kicisv^-c, * 

5:^^f*tt-efcs, roj6SS3 1 urn, 
»{bft, WttWk-&». *y^-|ftfMM|E«:«v^rl:*s 

^«3fts*rfbix*. ^aM^:-e^»*>5v^^i3Ky^— leas 
turn ii«^«iW4fi-«{i:^*fcsvMi^y ^— -e 

^y^^u>, *y*ftir=^ ^yr^yn-h 

y/u x 3i#^5/»IB, isi^yr^ K^^btt 

[0 0 18] rttb«»B3«:, ^^>^y V 

so ^ ^r^^^^r LBPfo*»ia*)**i:»* 



(5) 
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liW-ejKSftfcv^ 5o~ioo ot^fflSW* 10 

SS^Ii 5 0-20 Ot©iSWl-eS) 9 % SSfS* 
gtfb-t-5®^te2 00 — 80 o'Cwiaft^ffai-cfc-s. 

4#lC3 0-1 5 0^-^^ h a—J»(om£fr1fr& LV\ 
[0 0 19] W^hyW-ft-Klt 

£iM**'<s/*y v^«o#fticj: 20 
T\ roSl^)«ffi2 a joSKfb£;h,Sv\&JR«11o|§^ 

-i/vii4$:^t5o Bel*-?, 77-uy«i4± 
i^-eh v^/u^w a— KSrfisSH-a w <t a*-e 

Ii2a £JH&©BI It h K*rffBW-6 30 

[0 0 2 0] **W©hy*;^t-Kl:fcoTtt, 

[0 0 2 1] MHO h^/u^*— KWt, 

<n^t£h-r. BXM-?, *^>fs/f, ftirvi*— fcfcfll 
[0 0 2 2] i*k ttWOhy+^t-hU ±ffi 



[0023] h^*/u*V:*— K*sj:t«ME* 

BM:««««:fflV^£:§rH:, #:©iSifl*W 9 8 %- 0 . 

[0 0 2 4] mM<Dm&&. BlI^Lfctiftt^K 
^-fyf^jffW fc#wcfliv*3r en* 

[0 0 2 5] H2tt1^>'K>riy^««S:ffiV^**W^ 

h vjM^-f a-— Kote^^tfcfc^-e, (a) n 

¥KEU (b) tt (a) *OA-A»£»5WfffiB'TNfc 
kft, r^^l^a<l2a± (fe5V^Il(Z)18i2a 

*5<tt^*6»S«l±^a5) l^lftlWi3 3ftSK»tfoJx, *<o 

i/y»l4±l:it «#«Jc*fifcSJxfeJB2<D««2 b 
as&ttfejft/ri^o :^S2^2 beoSf*. i£Lb 

©ft*(D»i:R£tSIi:t?tS. ffi. Jg260®ffi2b 

V\, !gl<DB*l2ate. »K 1 ±ffi<0— 

351 a S:«LT*V^«jC»fi8Six, Jg2<DlM£2b 

tt, Ltl 1 oig 2 a ^CI^ t, 

a>o ron (^iffi 2 a _ha» fc jifafiaa&K 1 ^>fisa§p 
oil ©«K*5«tr/JB 2 <z>WKa»&<0Ei»asfi»i-*^ 

[0 0 2 6] 

immm] i^mm 1 ) 011^ u^ai/as:*-*-* b ^ 

3 mm, f $20 mmW^Wl 1 2 a 3 mm 

o^si-e3®, s^itia^Mi^ ^ corns 2 a 

|CteT;t^-£A£<£/8U 5X10- 5 tor r(Dl$ 
TT2 0 Oty^ Fo-A^jf ^CMLfeo 
i2a, 3«Sr»tfUfc^7>r K^7^ 1 S:X^IR*8 



(6) 
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C 6 0 ^TJV^-rW^y^\^X^ 5X10- 6 torr 
2 0-5 5 0°C\z.1)mi,t!:&bm%£ J £ 
{5*^?* bP-V9) , C6 0^Ifg4S: 
1 0 0 O^^* hn- ^OiP^^^Ufeo #CV^\ 

t-^y^ia^ ffl*#BB«T-e2 OjHBnflMQAL 
7t 0 r<7)£ 7;U^^Alg2ai:C6 0il4^ 

[0 0 2 7] ^(OiilcL-CWfoixfcai^trBF^^fiat 

U ftlOSS (TA^^-k) 2 a ±3. 6V© 

iHz<D»3ij£«-cf?*Lfco ron*. ffinzmffiz*- 

m^-1IJ£#tk£> )t*f£fc[§!£:LT[iI3 + (a) -C^L 
fco g!3^ (a) K*5v^ □i4HKErrti«aE-«ffi4»tt 

6>«««*s*ini-srfc3asB«)bnfc. ± 2 v<z> 

M-btC-fern^— ^$rfii9 , ol^fiJ^ Lfc^, C60S 

[0 0 2 8] (Jfctfcffill) WK«1IC*3V^T, T/^~ 

(b) irbT^bfCo ^3^ (b) [C*S^T, AttJB* 

[0 0 2 9] (H5£0iJ 2 ) HJStfl 1 t NflHcfEH LfcSf 
-?-or^^ = f?A«S^+ 2 VSrfilJnJL. &S4 0 0 n 
m s »Il 0 0/iW/cm 2 ^¥fetMLf; e w 
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[0 0 3 0] (JtttM 2 ) Jt$fc#l l £ RAttc tt*^* 

10 0. 1 /i A/cm 2 ^ft^fo$^^£;ftfc^ wCOffite 

[0 0 3 1] 3 ) |2(^ Ufc***:* h 

ls%>As#4*— KSrfBHL^o 2 c mx 3 c mO^f^ 
»g 1 <£>_h£l$ 0 . 5mmx 3 cmSriffiKU r<BX4El 
_LlcT/t^ — £^£r 2 0 O^r^y* h — uJ*(Dm£\z.M 

i,xmm 2 a t ( 4 0 0 n m©ife*rosi 

2. 18%) 0 ^(DftmX— l^ttltljt, 8 0 
20 ^SrtTV\ tffilail:T;^;-^»l3« 

(omtmrn 3 _t^5ufe#f 1 * ehhk urc6o^ioo 

Ot^Fn^WlfCl^IfU C6 0^ 
«tl4*r»*tfc. oV^\ ^(D_LIC0. 5cmX 

1. 5cm(OSiS2b, 3fl*JCSSK»U, *^Sr» 
i£Lfc 0 r<DSmc- 1 Vjo>b + 1 VOHfiiiSSr^T^ 

K;0. 00 2Hz) ««-«E«H*ttH3tt' 
30 (a) h^/W^ K«*^^Lt, * 

3fi^m1lt-ov^Tsm^4^iS$f•r*fcofc e 

[0 0 3 2] 0t««3) Httft|3 t^i(utt, TJV 
Lfc^V^^l <£>_L®M, a-i?xarfx^2 0 0 

o^->-^^ hp-^ift^ (2 0ty^hp-V 

5 e iS< (2 0ty^hn-A/^±) S»1-*L« 

40 X\ 0. 5cmXl. 5cm©aig2b, 3<g£r^^ 
iCi^^U^o #bixfc^{c, -2^b+2V(DE 
^S^-^T *>a l/*s^*\s— ^^bRMWbfc (0. 
0 0 2Hz) o r^^^-ti, ^Sftt^^r^Ufc'P, 

[0 0 3 3] 4 ) H 2 lc« Vtm&Z^-t % h 

HJ6« 3 £ IPHSSfcl L-C\ >fym«i2al:»aL 
50 7t 0 5I#«#. ^7>f K^f7^1-h^ti2a±^ 



(7) 
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7 J -#WTf*C 60S:80%, C 7 0 Sr 1 9 %^ 
U 1%I*C7 0£A±<Dmft.<D7 7-ls>it&®)-? 

fcofc) Sr/BV^T, ^*b£r 1 0 0 O^^* Fp- Acd 

*C, -^^JblCO. 5cmXl. 5cmOili2b, 3 
fiSrSCSS8»UT, *^«r«fiRLfc. WfetLfcaH^fc 

xzit 0 

[0 0 3 4] (SSt6«5) 0 2JC^bfe«^lCi3V>r, 

sb 1 ots 2 a t m 2 <nmm 2 b omm taic i^itmat 

^t«hyW^t-K^it^ 0 2cmX3c 
m<^ I TO^f7^ 1 HuioV^T, ifiO. 5 cm, g£ 3 

A (I TO) ii2bttfc :^)ii2 b±(^ C6 20 

(C6 0 ; 2 Omg, f|sgfclf=/u ; 2 Omg, IMfes^ 
/U; 2 0 0 m g Cif 7^ ^-X^rAtl^ y h->x-* 
--0iWM5MkLfc*MW» = 4 SrJHv* 

TMWfcU C6 0©#y^-5mK4*««Lfc. w 
©B4Srl0 0tTl^ SSftilfco BWn. 
0. 2^m-Cfeot o^~t\ rCDK4 _LfCl3£i(i&BSi 

^i^-e^^ * * y ^ ^-r s r fc k t *) mmmtmm * 

^~$J* (4@0. 5cm, 5cm) ii2a$: 30 

3<@, KSISLTSf^iSLfeo :«^^!) 

Am® 2 b ^T;U^^^ili2 aC0WiC-2V^b + 

0. OOlHz^^rt^tf-K-CWlfco rco^F 
(DfflSft-ajE«H4tt, EI 3* ( a ) tp«{ca?*l6j«BE 

»fc*Lfc*m** hv*^*- K*5j;t«aiE»^i 40 
[0 0 3 5] (Hffi#l6) _bfE^J£^l5JCioV^T. 7 9 

X#9* 1 5r^^^>'^UT#ibH^^k:^>'> ? ^ixm 
&2b±fc, *-^y^7^^C6 0$rh;^y|cgW 
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1 VS>WES:SttniU 400nm, 1 mW/cm 2 (7)I 
feft£fi&atL*:<t ^5, 1. 5AO*t«Wiasn 

[0036] (g^fll) migofiSW-i-&»S! tree 
a^-r-r (X£#&«5£#%h§s) 4 g «rHffi»RicA 

*u yy^^i/-»IMMv\ n — ^^>;200 
mlT2 4^fttHLto OV^, S^-U^ ; 

2 0 0mllC|lU $?)i:2 4l*Wattl^ot *U 
«)© n - y»«S:«*^ n t h ^7 7 ^ (v-U* 
y/U^n-'^MM') C6 0 : C 7 
0tDJfcI*9 : C 7 6£LhcO:79 — ^^^\^t 

A/^tLtv^^ot 0 ^^uyttMt C6 

0 : C 7 0<D*fcte^6 : 4-C&9, C 7 6^77- 
*T»ffiU 0. 2 6g^)77-U^M# 

b^77§:ll^, MaC60?rO. 2 1 g , W*6* 
C70&0. 02g#fc o 

-*-C«BU i^77-^^0. 13gW: 0 P« 
!C^P^h^77t i MLt, ItlgC6 0 ; 0. 0 7 
g, mifc&C 7 0 ; 0. 0 4 g, ^Oi77- U^gcD 

; 0. 0 1 & *mz 0 m&m\t. gc-msm 

C7 8, C 8 4 *3 it/S fe^^*^** 

[0 0 3 7] 

tifc{t*Mt4. 6*»<D4Mt^b4**io«aifc, 

±E79— ^^J»Wc*b-CR*tbixfctt*BB*4. 6 
KW* tfc tic, «tt^SE«ttt, 

fRtt=t>Bi<, If^«?t)g:^>^v^^ 

Ktt, 77-UyI^lSIU#t^77-U'y 



(8) 
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Ufcfc^-e, (a) itfli, (b) tt (a) *<7>A- 
Ai»lc»5WrDBBI"C*)5o 



SUfcfcflre* (a) fi¥ffiH. (b) J± (a) fOA 

[^eoffcW] 



[[a 1] 



[12] 



Co) 



3,2o 

A 
3,2a 
3,2a 



2b 2t> £b 



(b) 



2b 2b 2b 




3-— | 



(o) 



(b) 



2b-- G 



2b" 
2b 



/J 




-3,2a 




